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DISPENSING DEVICE 

The invention relates to a dispensing device for comminuting a liquid and 
the use of such a device, in particular, in medicine. 

Known nasal sprays generally produce droplet-sprays by mechanical 
means. The sprays so produced contain droplets within a broad range of droplet 
diameters which significantly reduces targeting accuracy and hence accuracy of 
dosing. The non-uniform nature of the sprays can also be very wasteful of 
medicament. 

Dispensing devices are known which produce a finely divided spray of 
liquid droplets by electrostatic (more properly referred to as 
'electrohydrodynamic') means. The droplet spray in such devices is generated by 
applying an electric field to a liquid at a spray head or spray edge. The potential 
of the electric field is sufficiently high to provide comminution of the liquid from 
the spray head. The droplets produced are electrically charged and thus are 
prevented from coagulating by mutual repulsion. 

We have now discovered that electrohydrodynamic spray technology may 
be used to deliver charged monodisperse liquid droplets sprays, especially 
medicament sprays, to the upper respiratory tract and especially to the nasal 
mucosa, in an efficient and very controllable manner. 

We have also discovered that for optimum targeting of the spray in the 
upper respiratory tract it is desirable to partially remove the electric charge from 
the droplet sprays produced by electrohydrodynamic comminution devices. To 
date the principal method used to effect charge removal has required the use of a 
discharging electrode having a sharp or pointed edge and located downstream 
from the spray head. This discharging electrode produces a cloud of charged ions 
from the surrounding air having an opposite electrical charge of equal magnitude 
to that on the comminuted liquid spray. In use, the ion cloud is attracted towards, 
collides with and thereby electrically discharges or partially discharges the liquid 
spray. 

European Patent number 0234842 discloses an electrohydrodynamic 
inhaler wherein the spray of charged droplets is discharged by means of such a 
discharge electrode. The droplets are discharged in order to facilitate droplet 
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deposition into the respiratory tract as otherwise the electrically charged droplets 
would deposit onto the mouth and throat of the user. 

A particular problem associated with the use of the sharp discharge 
electrode is that the highly mobile ion cloud from the discharge electrode often 
interferes with the comminution of the liquid spray. The inhaler device of EP 
0234842 attempts to ameliorate the effects of the ion cloud at the spray head by 
using a neutral shield electrode located close to the spray head. In addition, the 
level of control over the partial discharging of the liquid spray, especially the 
uniformity of charge across the spray cloud, tends to vary within wide limits 
between zero and the original maximum. 

The present invention provides a device which enables the charged spray 
to be partially discharged in a well controlled manner without affecting the 
efficiency of the comminution of the liquid spray. 

Accordingly, there is provided a device for comminuting a liquid for 
dispensing to the upper respiratory tract, which comprises at least two 
electrohydrodynamic comminution means arranged so that in use comminutions 
of opposing polarity are formed which are substantially admixed after formation, 
so as to provide a comminution having a residual electrical change. 

The electrohydrodynamic comminution means may be any conventional 
electrohydrodynamic comminution means, for example those described in the 
above mentioned patent specifications. 

Suitably, each comminution means comprises a comminution site, 
generally being a surface or edge, from which the liquid comminution is 
produced. 

A preferred comminution surface or edge is provided by a thin capillary 
tube, a nozzle or a slot defined by two parallel plates. However any comminution 
surface or edge described in the above mentioned patent specifications may be 
used suitably adapted for administration to the upper respiratory tract. 

The device generally comprises an even number of comminution means 
but this is not essential, the key factors are that at least two of the comminution 
means provide comminutions of opposing polarity and that the comminutions 
produced are arranged to substantially admix. 

Suitably, the device comprises 2,4 or 6 comminution means, however 
higher numbers can be used as required. An example of a device is that which 
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has 2 comminution means. An example of a device is that which has 6 
comminution means. 

Suitably, each comminution means comprises a means for supplying 
liquid to the comminution site. 

Appropriate means for supplying liquid to the comminution site include 
mechanical, electrical or electronic powered means such as pumps which are 
capable of providing the required flow rate of liquid to the comminution site. 

The comminution means of the invention can be used with a large range 
of flow rates, but generally operates with flow rates in the range of between 0.1 to 
500nL per second, such as 0.5 to 5^iL per second, especially for inhaled 
administration, or 10 to 200^L per second. 

A suitable means for supplying the liquid includes a syringe pump-or an 
electrically powered pump as described in EP 0029301. 

It will be appreciated from the foregoing that the comminution means 
generally comprises a comminution site, a means for supplying a liquid to the 
comminution site and a means for electrically charging the comminution site to 
an electric potential sufficient to comminute the liquid in use. 

Accordingly, in one particular aspect of the invention there is provided a 
device for comminuting a liquid for dispensing to the upper respiratory tract, 
which comprises at least two electrohydrodynamic comminution means each 
comprising a comminution site, a means for supplying a liquid to the 
comminution site and a means for electrically charging the comminution site to 
an electric potential sufficient to comminute the liquid in use, wherein the 
comminution means are arranged so that in use comminutions of opposing 
polarity are formed which are then substantially admixed so as to provide a 
comminution having a residual electrical change. 

Suitably, each comminution means comprises a means for electrically 
charging the said comminution site to a potential sufficient to provide 
comminution of the liquid, the potential usually being of the order of 1-20 
kilovolts. 

The means for electrically charging the said comminution site, such as a 
surface or edge, may be provided by any conventional high voltage generator 
having the appropriate output, one particularly convenient generator being a 
piezoelectric generator. 
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The piezoelectric material for the generator may be chosen from several 
types, such as barium titanate ceramic, or pvdf polymers, which generate 
significant high-voltage electric charge displacement upon being pressurized. 
The choice and capacity may be so chosen as to offer control of the degree of 
pumping and/or atomization when operated. 

The required voltage for use is provided when the piezo-electric 
generators are squeezed, and again (with opposite polarity) when the piezo- 
electric generators are released from pressure. 

The residual electrical change on the admixed comminution may be 
positive or negative charge and of course is less than the positive or negative 
charge on any of the premixed comminutions. The residual charge on the 
admixed communition is arranged so as to optimise targeting of the comminution 
to the upper respiratory tract. 

The residual charge on the admixed comminution may be fixed for any 
given device or the arrangement may be such that the net residual charge on the 
admixed comminution may be regulated in a controlled manner. Thus the device 
of the invention optionally comprises a means for regulating the electrical charge 
on a comminution produced from any of the comminution means prior to 
admixture. 

Suitable means for regulating the electrical charge on a comminution may 
be provided by a variety of methods, such as by incorporating a means for 
regulating the charging means so as to provide variable voltage output and/or a 
means for regulating the means for supplying a liquid to the comminution site so 
as to vary the liquid flow rate to the comminution site. 

Suitable arrangements of the comminution means which enable the 
comminutions produced to be admixed includes any arrangement wherein the 
comminution means are relatively located so as to enable the comminutions to 
substantially admix. Favourably, the comminution means are arranged so that the 
comminutions produced are directed to converge into a mixing zone. For 
example, when the device comprises two comminution means they may be angled 
towards each other so as produce comminutions which converge into the mixing 
zone. Or when the device comprises three or more comminution means, they 
may be arranged so that the comminutions are directed to converge radially into 
the mixing zone. Alternatively, the relative location of the comminution means 
may be arranged such that the mutual attraction of the comminutions produced is 
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sufficient to allow substantial admixing, for example they may be in a mutually 
parallel manner. 

It is envisaged that a liquid supply means may supply one or more of the 
comminution means of the invention. 

Alternatively, a liquid supply means may supply only one comminution 

means. 

From the foregoing it will be appreciated that it is an aspect of the present 
invention that comminuted sprays from different liquids may be mixed as 
required. Such liquids may be capable of providing a new product on admixture 
or they may comprise components which are so capable. The device may also be 
used to mix two liquids which are reactive components of a rapid chemical 
reaction. In each case the mixed droplets may then be applied as a spray, with a 
charge-to-mass ratio on the droplets that will be the residual after the two 
opposing charges have been used to coalesce the liquids. 

Similarly, the present device may be used to mix components which are 
incompatible one with the other and which therefore are advantageously admixed 
at the point of use. 

The communition means of the dispenser is arranged to provide liquid 
droplets within a diameter range compatible with targeting to the upper 
respiratory tract, generally being within the range of from 10 to 500 microns in 
diameter , such as 10 to 200 microns and especially 10 to 25 microns in diameter. 

For a given liquid the diameter of the droplets can be controlled by 
varying the applied voltage and liquid flow rate using routine experimental 
procedures. Liquids having viscosities within the range of from 1 to 500 
centipoise and resistivities in the range of from 10 2 - 10 8 ohm m can be 
comminuted by the present device. 

Medicaments suitable for delivery by the device include those used for the 
treatment of disorders of the upper respiratory tract including disorders of the 
nasal mucosa, in particular congestion and disorders of the upper respiratory tract 
associated with hay fever. Medicaments suitable for delivery by the device also 
include those used for the treatment of sore throat. 

Particular medicaments include nasal decongestants such as 
oxymetazoline, xylometazoline, phenylephrine, propylhexadrine, nephazoline and 
tetrahydrozoline and as appropriate salts thereof such as the hydrochloride salt, 
and formulations thereof. 
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When used herein 'a comminution' includes a liquid droplet spray. 

When used herein ■medicament' includes proprietary medicines, 
pharmaceutical medicines and veterinary medicines. 

When used herein, unless more specifically defined herein, administration 
to the upper respiratory tract includes in particular the nasal mucosa. 

The liquid medicinal formulations for use in the device of the invention 
may be formulated according to conventional procedures, such as those disclosed 
in the US Pharmacopoeia, the European Pharmacopoeia, 2nd Edition, Martindale 
The Extra Pharmacopoeia, 29th Edition, Pharmaceutical Press and the Veterinary 
Pharmacopoeia. 

The invention may now be described, by way of example, with reference 
to the accompanying drawings: 

Figures 1 to 4 illustrate examples of comminution sites of the device of the 
invention; 

Figure 5 is a plan view illustrating a multi-nozzle comminution site of the device 
of the invention; 

Figure 6 is a schematic drawing illustrating an example of a charging means of 
the device of the invention; 

Figures 7 and 7a are schematic drawings each illustrating an example of a device 
of the invention; 
Comminution sites 

Figure 1 shows a thin- walled capillary tube (1), which may be made of 
conducting or semiconducting material and which may be electrically connected 
to a source of high-voltage direct-current, either directly or through the liquid. A 
single jet (3) is produced from a cusp (2) of liquid, both of which form naturally, 
according to the voltage and flow rate for a given liquid. 

Fig. 2 shows a similar tube (1) used at a lower flow rate and voltage 
which are adjusted so as to produce multiple cusps (2) and jets (3) issuing from 
the region of the ends of the thin-walled tube (1). 

Fig. 3 shows a conducting or semiconducting cylinder (1) which may have 
a larger diameter than those shown in figs. 1 and 2. This nozzle has an inner- 
member, (4) which is approximately coaxial with the outer tube, (1). 

Fig. 4 shows a slot nozzle, formed between two parallel plates (2) having 
conducting, or semiconducting edges electrically connected to a high-voltage 
direct-current supply, from which the liquid emerges, forming cusps and jets 
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when the voltage supply and liquid flow rates are suitably adjusted according to 
the type of liquid being sprayed. For a given jet (and thus droplet) size, and a 
given liquid, this nozzle may enable a higher flow rate to be achieved than those 
in which a single cusp and jet are used. 

Figure 5, shows one example of an array of six nozzles (1) in a circular 
pattern, centrally mixing the sprays. 
Electrical Charging Means 

An example of this is a piezo electric generator. Figure 6 illustrates a pair 
of piezoelectric ceramic generators (5) (6) which may be easily squeezed by a 
cam (7) operated by a trigger-shaped lever (8). The entire assembly may be 
housed in a strong steel frame, (9), and the piezoelectric pair may be held tight by 
adjustment screw (10). The voltage terminals (1 1) are the two live electrodes for 
connection to the pumps and nozzles, whilst terminal (12) is earthed, say to the 
steel frame. 

When the lever (8) is pulled inward, the two ceramic generators (5) and 
(6) will produce high voltages upon the terminals (1 1) placed at the end surfaces, 
which may be used to activate both the electrokinetic pumps and the nozzles. 

Typical values of charge from say a barium titanate ceramic of about 
1.0cm length and 1.0 sq cm surface area would be 1.0 or 2.0 microcoulomb per 
squeeze, of either positive or negative polarity. Upon release of the squeezing 
pressure, a similar charge will flow in the opposite direction. A typical voltage 
would be say 5,000 to 10,000 volts. Thus, pumping and atomizing may both be 
achieved by hand operation of a single pair of piezoelectric generators at 
appropriate voltages, say 5,000 volts, and sufficient currents, say 2.0 
microcoulombs per second (2.0 microamperes). 

The piezoelectric material may be chosen from several types, such as 
barium titanate ceramic, or pvdf polymers, which generate significant high- 
voltage electric charge displacement upon being pressurized. The choice and 
capacity may be so chosen as to offer control of the degree of pumping and/or 
atomization when operated. The liquid flow induction, and the nozzle 
atomization will occur when the piezo-electric generators are squeezed, and again 
(with opposite polarity) when the piezo-electric generators are released from 
pressure. The device is arranged so that when squeezed, and when released, the 
pumps and nozzles will operate without alteration of flow rate or droplet size. 
Only polarity will change (reverse) in the two modes of operation arising from 
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pressure and release of pressure. This will maintain constant flow and droplet 
generation, and mixing of species and/or charge-to-mass ratio adjustment of the 
sprays, during the active modes of pressure, and release of pressure. 

Some forms of electrical pump are sensitive to polarity so that, when 
using a piezoelectric source of high voltage such as shown in figure 7, it would be 
necessary to form a one-way current flow system, say by using simple diode 
rectifiers as shown in figure 7a. Figure 7a also shows how the nozzle polarities 
may be kept constant if required, by similarly inserting diodes in and between the 
connecting lines. Thus figure 7a shows a means of wiring the pumps and nozzles 
to a pair of piezoelectric generators so that the polarities of the pumps and nozzles 
remain constant throughout the squeeze and release cycles of the generators. 

A schematic representation of the dispenser of the invention is also 
illustrated in Figure 7 which shows a dispenser of the invention, in which liquid 
in each of two reservoirs (20) is caused to flow along suitable conduit, say 
polyethelene tubing (21) into two electrokinetic pumps (22), say by gravity feed. 
The two piezoelectric generators (23) are then squeezed so that a high voltage 
charge is induced at the two faces of the piezoelectric materials. These high 
voltages will then appear at the terminals of the pumps (22), which are 
electrically connected to the piezoelectric material by wire conductors. 

At the same time, these high voltages will appear at the two conducting, 
or semi-conducting, capillary-tube nozzles (24). Thus, when the two liquids 
reach the two nozzles, the liquids will emerge from the nozzles as comminuted 
droplets with electrical charges of opposing polarity. The droplets will then be 
attracted to each other by electric field forces, and will tend to mix vigorously to 
give a charged droplet spray for dispensation to the upper respiratory tract. 

The value of droplet charge on each of the two streams of droplets may be 
independently adjusted to produce the optimum residual value for targeting the 
upper respiratory tract by one or more of several means: the size, shape, and/or 
materials of the two piezoelectric materials may be set to give differing values of 
voltage and charge; the two liquid flow rates may also be adjusted, either by 
suitable design of the two electrokinetic pumps, or by differing values of 
piezoelectric voltage applied to the two pumps thus directly influencing droplet 
charge for a given voltage and nozzle design; and the droplet size and charge of 
the two liquids may be independently adjusted by the formulations of the two 
liquids, especially by adjustment of the liquid resistivities. 
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CLAIMS: 

1 . A device for comminuting a liquid adapted to dispense the comminution 
to the upper respiratory tract, which comprises at least two electrohydrodynamic 
comminution means arranged so that in use comminutions of opposing polarity 
are formed which are substantially admixed after formation, so as to provide a 
comminution having a residual electrical change. 

2. A device according to claim 1, wherein the residual electrical change on 
the admixed comminution is either positive or negative charge and is arranged so 
as to optimise targeting of the comminution to the upper respiratory tract. 

3. A device according to claim 1 claim 2, wherein the residual charge on the 
admixed comminution is fixed for any given device. 

4. A device according to any one of claims 1 to 3, comprising a means for 
regulating the electrical charge on a comminution produced from any of the 
comminution means prior to admixture so that the net residual charge on the 
admixed comminution is regulated in a controlled manner. 

5. A device according to claim 4, wherein the means for regulating the 
electrical charge on a comminution is provided by means for regulating voltage 
output and/or by means for regulating liquid flow rate to the comminution site. 

6. A device according to any one of claims 1 to 5, comprising an even 
number of comminution means. 

7. A device according to any one of claims 1 to 6, wherein the means for 
electrically charging the said comminution site is a piezoelectric generator. 

8. A device according to any one of claims 1 to 7, wherein the liquid 
comprises a medicament for the treatment of disorders of the nasal mucosa, in 
particular congestion and disorders of the upper respiratory tract associated with 
hay fever and for the treatment of sore throat. 
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9 A device according to claim 8, wherein the medicament comprises a nasal 
decongestant such as oxymetazoline, xylometazoline, phenylephrine, 
propylhexadrine, nephazoline and tetrahydrozoline and as appropriate salts 
thereof. 
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